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SCREW MACHINE 

Background of the Invention 

5 In a conventional screw machine, a male rotor and a female rotor, disposed in 

respective parallel overlapping bores defined within a rotor housing, coact to trap and 
compress volumes of gas. While two rotors are the most common design, three, or 
more, rotors may coact in pairs. The male and female rotors differ in their lobe 
profiles and in the number of lobes and flutes. For example, the female rotor may 

1 0 have six lobes separated by six flutes, the while conjugate male rotor may have five 
lobes separated by five flutes. Accordingly, each possible combination of lobe and 
flute coaction between the rotors occurs on a cyclic basis. The coaction between the 
conjugate pairs of rotors is a combination of sliding and rolling contact which can 
produce different rates of wear. In addition to coacting in pairs, the rotors coact as 

1 5 well with the housing. Because all combinations of rotor contact takes place between 
conjugate pairs, the sealing/leakage between the various combinations may be 
different due to manufacturing tolerances and wear patterns. This can be the case 
even though manufacturing tolerances are held very tight with the attendant 
manufacturing costs and adequate lubrication or other liquid injection is provided for 

20 sealing. 

The profile design of conjugate pairs of screw rotors must be provided with a 
clearance in most sections. The need to provide a clearance is the result of a number 
of factors including: thermal growth of the rotors as a result of gas being heated in the 

25 compression process; deflection of the rotors due to pressure loading resulting from 
the compression process; tolerances in the support bearing structure and ma chinin g 
tolerances on the rotors which may sometimes tend to locate the rotors too close to 
one another which can lead to interference; and machining tolerances on the rotor 
profiles themselves which can also lead to interference. Superimposed upon these 

30 factors is the existence of pressure and thermal gradients as the pressure and 
temperature increase in going from suction to discharge. 
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The pressure gradient is normally in one direction during operation such that fluid 
pressure tends to force the rotors towards the suction side. The rotors are 
conventionally mounted in bearings at each end so as to provide both radial and axial 
restraint. The end clearance of the rotors at the discharge side is critical to sealing and 
5 the fluid pressure tends to force open the clearance. 

There arc certain sections of the rotor, such as the contact band, where zero clearance 
is maintained between the rotors. The segment of the rotor defining the contact band 
is the region where the required torque is transmitted between the rotors. The load 

10 between the rotors is different for a male rotor drive and for a female rotor drive. In a 
male drive the lojdini: bet* ccn the rotors may be equivalent to about 10% of the total 
compressor torque. * hcrea> in the case of female rotor drive the loading between the 
rotors may be equivalent to about 90% of the total compressor torque. These 
segments arc conventional Is positioned near the pitch circles of the rotors which is the 

15 location of equal rotational speed on the rotors resulting in rolling contact and thereby 
in reduced or no sliding contact and thus less wear. 

A substantial amount of end-running clearance must be maintained at the discharge 
end of screw compressors in order to prevent failure from rotor seizure. Seizure may 
20 be caused by the thermal expansion of the rotor or by the intermittent contacts 

between the rotors and the end casing due to pressure pulsations in the compression 
process. 

Summary of the Invention 

25 

It is an object of this invention to reduce leakage in a screw machine. 

It is another object of this invention to relax machining tolerances without increasing 
leakage. 

30 

It is a further object of this invention to reduce oil sealing requirements in screw 
machines. 
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It is an additional object of this invention to minimize the power loss due to friction 
and to prevent wear. These objects, and others as will become apparent hereinafter, 
arc accomplished by the present invention 

5 In accordance with the present invention, a coating is applied to one or more portions 
of the screw rotors and/or the inner bore surfaces of the housing. 

In one aspect of the present invention, a low friction, wear resistant material may be 
deposited on the rotor tip where the rotors can have nominal contact with the housing 

10 as well as normal contact with each other. The rotors coact with each other, in pairs, 
as well as with the housing. While tight machining tolerances reduce the leakage due 
to these coactions between the rotors themselves and also with the housing, other 
things can be done in conjunction with the tight tolerances or in lieu of tight 
tolerances. Examples of suitable low friction, wear resistant coatings include multi- 

1 5 layer diamond-like-carbon (DLC) coating, titanium nitride and other single material, 
single layer nitride coatings, as well as carbide and ceramic coatings having both high 
wear resistance and a low coefficient of friction. 

In another aspect of the present invention, conformable coatings may be located on 
20 the inner bore surfaces of the housing and/or in the rotor valleys. Examples of 

suitable conformable coatings include iron phosphate coating, magnesium phosphate 
coating, nickel polymer amalgams and other materials that yield elastically when a 
force is applied. Placement of conformable coatings on the inner bore surfaces of the 
housing and/or in the rotor valleys can reduce leakage and oil sealing requirements 
25 while relaxing manufacturing tolerances. 

A surface coated or otherwise equivalently treated with such a low friction, wear 
resistant material is more forgiving to sliding contact than is an untreated surface. 
There also exists a synergistic effect associated with such a treatment in that the 
30 coated surface has a greater tolerance to sliding contact. In accordance with a further 
aspect of the present invention, this allows the contact band to be moved further away 
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from the pitch circle, thus further reducing the contact force and reducing the overall 
wear potential over even the treated rotor with a relocated contact band. Locating the 
contact band near the pitch circles of the rotors is the conventional practice, as noted, 
and represents the desire to have nearly pure rolling contact. 

5 

The location of the contact band is a design feature and can be removed from the pitch 
circle or otherwise located where you wish. By moving the contact band away from 
the pitch circle the loading between the rotors can be reduced and this is particularly 
important for a female rotor drive. As contact starts to move away from the pitch 

10 circle there is more sliding contact rather than pure rolling contact. The blow hole 
area, which refers to the leakage area defined by the meshing rotor tips and the edge 
of the cusp between adjacent bores of a screw machine, can only be reduced to zero if 
the respective pitch circles correspond to the root circle of the male rotor and the tip 
circle of the female rotor. This necessarily requires the contact band to be located . 

15 away from the pitch circle in response to trade-offs between the transmission angle, 
contact pressure, machineability of the root radius of the male rotor, and the amount 
of sliding that will take place. 

The penalty for maintaining this large end-running clearance is to increase the leakage 
20 from the high pressure zone into the low pressure zone. In accordance with a further 
aspect of the present invention, by applying a wear resistant coating having a low 
coefficient of friction at the end face of the rotors or at the surface of the end casing or 
by inserting a coated piece between the rotor ends and the end casing, the end-running 
clearance can be reduced at least by 50%. The compressor performance is improved 
25 due to the reduced leakage at the discharge end. 

Brief Description of the Drawings 

For a fuller understanding of the present invention, reference should now be made to 
30 the following detailed description of various embodiments thereof taken in 
conjunction with the accompanying drawings wherein: 
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Figure 1 is a transverse section through a screw machine; 

Figure 2 is a partially sectioned view of the screw machine of Figure 1; 

5 

Figure 3 is an enlarged view of a portion of the discharge end of the screw machine of 
Figure 1; 

Figure 4 is an enlarged portion of Figure 1 with the various coatings of the present 
10 invention illustrated; 

Figure 5 is a partially sectioned view showing a DLC coating on the rotor ends; 

Figure 6 is a partially sectioned view showing a DLC coating on the on the discharge 
15 casing; and 

Figure 7 is a partially sectioned view showing a DLC coated disc; 

Figure 8 is an enlarged view of a DLC coating; and 

20 

Figure 9 is a perspective view of an axial section of the rotor pair of Figure 1 . 
Description of the Preferred Embodiments 

25 In Figure 1, there is depicted a screw machine 10, such as a screw compressor, having 
a rotor housing or casing 12 with overlapping bores 12-1 and 12-2 located therein. 
Female rotor 14 having a pitch circle, P F , is located in bore 12-1. Male rotor 16 
having a pitch circle, P M , is located in bore 12-2. The parallel axes indicated by points 
A and B are perpendicular to the plane of Figure 1 and separated by a distance equal 

30 to the sum of the radius, R F , of the pitch circle, P F , of female rotor 14 and the pitch 
radius, R M , of the pitch circle, P M , of male rotor 16. The axis indicated by point A is 
the axis of rotation of female rotor 14 and generally of the center of bore 12-1 whose 
diameter generally corresponds to the diameter of the tip circle, T F , of female rotor 14. 
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Similarly, the axis indicated by point B is the axis of rotation of male rotor 16 and 
generally of the center of bore 12-2 whose diameter generally corresponds to the 
diameter of the tip circle, T M , of male rotor 16. Typically, the rotor and the bore 
centerlines are offset by a very small amount to compensate for clearance and 
5 deflection. Neglecting operating clearances, the extension of the bore 12-1 through 
the overlapping portion with bore 12-2 will intersect line A-B at the tangent point 
. with the root circle, R MR , of male rotor 16. Similarly, the extension of the bore 12-2 
through the overlapping portion with bore 12-1 will intersect line A-B at the tangent 
point with the root circle, R^, of female rotor 14 and this common point is labeled F, 
1 0 relative to female rotor 1 4 and M, relative to male rotor 1 6. 

In the illustrated embodiments, female rotor 14 has six lands or tips, 14-1, separated 
by six grooves or flutes, 14-2, while male rotor 16 has five lands or tips, 16-1, 
separated by five grooves or flutes 16-2. Accordingly, the rotational speed of rotor 16 
1 5 will be 6/5 or 120% of that of rotor 14. Either the female rotor 14 or the male rotor 16 
may be connected to a prime mover (not illustrated) and serve as the driving rotor. 
Other combinations of the number of female and male lands and grooves may also be 
used. 



20 



25 



30 



Referring now to Figures 2 and 3, rotor 14 has a shaft portion 14-3 with a shoulder 14- 
4 formed between shaft portion 14-3 and rotor 14. Shaft portion 14-3 of rotor 14 is 
supported in outlet or discharge casing 13 by one, or more, bearing(s) 30. Similarly, 
rotor 16 has a shaft portion 16-3 with a shoulder 16-4 formed between shaft portion 
16-3 and rotor 16. Shaft portion 16-3 of rotor 16 is supported in outlet casing 13 by 
one, or more bearing(s) 31. Suction side shaft portions 14-5 and 16-5 of rotors 14 and 
16, respectively, are supportingly received in rotor housing 12 by roller bearings 32 
and 33, respectively. 

In operation, as a refrigerant compressor, assuming male rotor 16 to be the driving 
rotor, rotor 16 rotates engaging rotor 14 and causing its rotation. The coaction of 
rotating rotors 16 and 14, disposed within the respective bores 12-1 and 12-2, draws 
refrigerant gas via suction inlet 18 into the grooves of rotors 16 and 14 which engage 
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to trap and compress volumes of gas and deliver the hot compressed gas to discharge 
port 19. The trapped gas acting on rotors 14 and 16, which are movable, tends to 
separate discharge ends 14-4 and 16-4 from outlet casing surface 13-1 to 
create/increase the leak passage. Movement of rotors 14 and 16 away from outlet 

5 casing surface 13-1 results in movement of rotors 14 and 16 towards or into 
engagement with surface 12-3 of rotor casing 12 by shoulders 14-6 and 16-6, 
respectively. In addition to the leak path between rotor shoulders 14-4 and 16-4 and 
outlet casing surface 13-1, leakage can occur across the line contact between rotors 14 
and 16 as well as between the tips of lands 14-1 and 16-1, respectively, and bores 12-1 

10 and 12-2, respectively. The leakage across the lands/line contact can be reduced by 
the use of oil for sealing but the oil generates a viscous drag loss between the moving 
parts and must be removed from the discharge gas. 

As noted hereinbefore, the contact band is defined by zero clearance rather than by 
15 location. Figure 4 shows an enlarged portion of Figure 1 in order to illustrate the 
relocation of the contact band in accordance with one aspect of the present invention. 
The contact band would be located inside of the pitch circle, P F , of female rotor 14 
which is in the region of the female tip 14-1 and outside of the pitch circle, P M , of 
male rotor 16 which is in the region of the male root 16-2. 

20 

For an oil-free compressor, the rotor tips must be brought as close as possible to the 
rotor housing bores 12-1 and 12-2 in order to reduce the leakage since oil cannot be 
used for sealing. The wear and power loss due to the friction between the rotor tips 
and the housing will be excessive if contact occurs between the rotors and housing. 
25 Even where the rotors are lubricated, there can be leakage across the oil seal and the 
oil must be removed. from the refrigerant to minimize its circulation through the 
refrigeration system with its deterioration of the heat transfer efficiency as well as to 
maintain the necessary oil for lubrication in the compressor. 
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In accordance with one aspect of the present invention, a low friction, wear resistant 
coating is deposited on the tips or lands 14-1 and 16-1 of the rotors 14 and 16, 
respectively. One suitable low friction, wear resistant coating is a low friction 
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diamond-like-carbon (DLC) coating of the type used locally on the tip surface of the 
vane in a rotary compressor as disclosed in commonly assigned U.S. Patent No. 
5,672,054. Such a the DLC coating serves to overcome lubrication difficulties 
associated with the use of new oil and refrigerant combinations. The DLC coating is 
5 both lubricous and also wear resistant in that, as discussed in detail in U.S. Patent 
5,672,054, the entire disclosure of which is hereby incorporated by reference, it is 
made up of alternating layers of a hard material, such as tungsten carbide, and 
amorphous carbon. 

10 Examples of other suitable low friction, wear resistant coatings include titanium 

nitride and other single material, single layer nitride coatings, as well as carbide and 
ceramic coatings having both high wear resistance and a low coefficient of friction. 
The presence of a low friction, wear resistant coating on the tips or in the valleys of 
lands of the respective rotors provides several advantages. First, oil free or reduced 

15 oil operation relative to the rotors is possible without excessive wear or friction. 
Second, machining tolerances can be relaxed because some contact with the rotor 
bores can be tolerated. Third, the need for oil sealing between the rotors and the rptor 
bores can be reduced or eliminated because of the possibility of running with less 
clearance between the rotor tips or lands 14-1 and 16-1 and rotor bores 12-1 and 12-2, 

20 respectively. 

Because the contact band on female rotor 14 is located near the tip, a single DLC 
coating can be used to cover both areas of interest on the female rotor due to their 
narrow spacing, or overlap, depending upon the rotor profiles. The single DLC 

25 coating 40 on the female rotor is preferred for ease of manufacture as illustrated on 
Figure 4. The portion 40-1 of coating 40 corresponds to the contact band and the 
portion 40-2 corresponds to the portion of tip or land 14-2 that comes closest to bore 
12-1 . The corresponding DLC coatings on male rotor 16 are more widely separated 
with the coating 60 deposited on the rotor tips and the coating 60 deposited near the 

. 30 root portion corresponding to the contact band. 
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Like the rotor tips, the rotor ends are run with a clearance that constitutes a leak path. 
In accordance with a further aspect of the present invention, a DLC coating may be 
applied at the discharge end faces of the rotors, at the facing surfaces of the discharge 
casing 13 or on a coated insert disposed between the rotors and the discharge casing 

5 13, whereby the running clearance, and thereby the leakage path, is reduced. 

Referring now to Figure 5, a DLC coating is applied to the discharge end of the rotors 
14 and 16. Specifically, DLC coating 42 is applied to the discharge end of female 
rotor 14 and DLC coating 62 is applied to the discharge end of male rotor 16. 
Because the DLC coatings 42 and 62 can accommodate some contact with outlet 

10 casing surface 13-1, a reduced end running clearance can be employed with reduced 
leakage. Referring now to Figure 6, the DLC coating 82 is applied to the casing 
surface 13-1 rather than to the ends of the rotors 14 and 16, as in the Figure 5 
embodiment. In the Figure 7 embodiment, a separate member 90 is located between 
the ends of rotors 14 and 16 and casing surface 13-1. Because the member 90 

15 conforms to the cross section of bores 12-1 and 12-2, it is not capable of rotation and 
the relative movement will be between member 90 and the discharge ends of rotors 14 
and 16. Accordingly, only the surface of member 90 facing rotors 14 and 16 needs to 
be provided with a DLC coating 92. In the embodiments of Figures 5-7 a DLC 
coating is located between the ends of rotors 14 and 16 and surface 13-1 such that its 

20 lubricity will protect the rotors and casing from wear during an occasional contact 

thereby permitting the closing of the end running clearance and narrowing the leakage 
path. 

Referring now to Figure 8, a greatly exaggerated cross section typical of coatings 40, 
25 42, 60, 61, 82 and 92 is illustrated although it is labeled 40; DLC coating 40 is made 
up of hard bilayers 40' and lubricious bilayers 40". The range of bilayer thickness is 1 
to 20nm, with the preferred range being between 5 and lOnm. 

In accordance with a further aspect of the present invention, a conformable coating, 
30 which may be abradable or extrudable into shape, may be applied to the rotors 14 and 
16 and/or to the bores 12-1 and 12-2. While the entire rotors and bores may be 
coated, a localized coating in the rotor flutes or valleys 14-2 and 16-2, respectively, as 
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illustrated in Figure 9, provides essentially all of the benefits relative to the coaction 
between the rotors. Although the contact band is a no clearance area and requires 
precise machining, the tolerances can be relaxed relative to the coaction between the 
remainder of the rotor lobe profiles. Additionally, the conformable coating of the 
5 bores 12-1 and 12-2 accommodates the flexure of the rotors 14 and 16 during actual 
operation to maintain the sealing function. Referring to Figures 4 and 9, the female 
rotor valleys may be provided with conformable coating 44 and the male rotor valley 
may be provided with conformable coating 64. Additionally, bores 12-1 and 12-2 
may be provided with conformable coating 84. 

10 

Various plastically conformable coatings may be used including, for example, iron 
phosphate, magnesium phosphate, nickel polymer amalgams, nickel zinc alloys, 
aluminum silicon alloys with polyester, and aluminum silicon alloys with 
polymethylmetacrylate (PMMA). Also, convention coatings methods, including for 
15 example thermal spraying, physical vapor deposition (PVD), chemical vapor 
deposition (CVD), or any suitable aqueous deposition, may be used to treat the 
surfaces of the screw machine of the present invention. 

Although the present invention has been specifically illustrated and described in terms 
20 of a twin rotor screw machine, it is applicable to screw machines employing three, or 
more rotors. It is therefore intended that the present invention is to be limited only by 
the scope of the appended claims. 
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CLAIMS 

What is Claimed is: 

1 . A screw machine comprising a rotor housing having a pair of 
parallel, overlapping bores; a conjugate pair of intermeshing rotors located in said 

' bores, each of said rotors having helical lobes having radially outward tip portions and 
intervening radially inward root portions; characterized by at least either said bores or 
said lobes having a conformable coating thereon. 

2. The screw machine of claim 1 wherein said tip portions of said 
lobes of said rotors have a wear resistant coating thereon. 

3 . The screw machine of claim 2 wherein said conformable 
coating is located on said root portions of said lobes of said rotors. 

4 . The screw machine of claim 2 wherein the wear resistant 
coating on the tip portions of said lobes comprises a diamond-like-carbon coating 
made up of a series of alternating hard and lubricious layers. 

5. the screw machine of claim 4 wherein said conformable coating 
is located on said root portions of said lobes of said rotors. 

6. The screw machine of claim 5 wherein said bores are lined with 
a conformable coating. 

7. The screw machine of claim 1 wherein said conformable 
coating is located on said root portions of said lobes of said rotors. 



8. 
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The screw machine of claim 7 wherein said bores re lined with 



a conformable coating. 



9. 



The screw machine of claim 1 wherein said bores are lined with 



a conformable coating. 



1 0. A screw machine comprising a rotor housing having a pair of 



parallel, overlapping bores; a conjugate pair of intermeshing rotors located in said 
bores, each of said rotors having helical lobes and intervening flutes; an outlet casing 
disposed at a discharge end of said rotor housing, each of said rotors having a 
discharge end facing said outlet casing; characterized by a wear resistant coating 
disposed between said discharge ends of said rotors and said outlet casing. 

1 1 . The screw machine of claim 1 0 wherein said wear resistant 
coating comprises a wear resistant coating on said discharge ends of said rotors. 



coating comprises a diamond-like-carbon coating made up of a series of alternating 
hard and lubricious layers. 



12. 



The screw machine of claim 1 1 wherein said wear resistant 



13. The screw machine of claim 1 0 wherein said wear resistant 
coating comprises wear resistant coating on said outlet casing. 



13 

14. The screw machine of claim 1 3 wherein said wear resistant 
coating comprises a diamond-like-carbon coating made up of series of alternating hard 
and lubricious layers. 



1 5 . The screw machine of claim 1 0 further characterized by a 
member located intermediate said discharge ends of said rotors and said outlet casing, 
said member having a surface facing said discharge ends of said rotors, said wear 
resistant coating comprising a wear resistant coating on said surface of said member. 

16. The screw machine of claim 15 wherein said wear resistant 
coating comprises a diamond-like-carbon coating made up of a series of alternating 
hard and lubricious layers. 

. 17. A screw machine comprising a rotor housing having a pair of 
parallel, overlapping bores; a conjugate pair of intermeshing rotors located in said 
bores, each of said rotors having helical lobes having radially outward tip portions and 
intervening flutes having radially inward root potions; characterized by a wear 
resistant coating disposed on the tip portions of said lobes. 

1 8. The screw machine of claim 17 wherein said bores are lined 
with a conformable coating. 



19. The screw machine of claim 18 wherein a conformable coating 
is located on said root portions of said lobes of said rotors. 



14 

20. The screw machine of claim 1 7 wherein said wear resistant 
coating comprises a diamond-like-carbon coating made up of a series of alternating 
hard and lubricious layers. 

2 1 . The screw machine of claim 20 wherein said bores are lined 
with a conformable coating. 

22. The screw machine of claim 21 wherein a conformable coating 
is located on said root portions of said lobes of said rotors. 

23 . The screw machine of claim 1 7 wherein a conformable coating 
is located on said root portions of said lobes of said rotors. 

24. A screw machine comprising a rotor housing having a pair of 
parallel, overlapping bores; a conjugate pair of intenneshing rotors located in said 
bores, each of said rotors having helical lobes and intervening flutes; said rotors 
having contact bands whereat torque is transmitted from one rotor to another rotor; 
characterized by a wear resistant coating disposed on the contact bands of said rotors. 

25 . The screw machine of claim 24 wherein the contact bands on 
said rotors rc located away from the respective pitch circles of said rotors. 

26. The screw machine of claim 24 wherein said wear resistant 
coating comprises a diamond-like-carbon coating made up of a series of alternating 
hard and lubricious layent : 

27. The screw machine of claim 26 wherein the contaict bands on 
said rotors are located away from the respective pitch circles of said rotors. 

28. A screw machine comprising a rotor housing having a pair of 
parallel, overlapping bores; a conjugate pair of intenneshing rotors located in said 
bores, each of said rotors having helical lobes and intervening flutes; an outlet casing 
disposed at a discharge end of said rotor housing, each of said rotors having a 
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discharge end facing said outlet casing; characterized by a conformable coating 
disposed between said discharge ends of said rotors and said outlet casing. 

29. The screw machine of claim 28 wherein said conformable 
coating comprises a coating on said discharge ends of said rotors. 

30. The screw machine of claim 28 wherein said conformable 
coating comprises a coating on said outlet casing. 

31. The screw machine of claim 28 further characterized by a 
member located intermediate said discharge ends of said rotors and said outlet casing, 
said member having a surface facing said discharge ends of said rotors, said 
conformable coating comprising a coating on said surface of said member 
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